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ABSTRACT
We present the distribution of a statistical sample of nearby galaxies in the κ-space
(κ1 ∝ log M , κ2 ∝ log Ie, κ3 ∝ log M/L). Our study is based on near-IR (H-
band: λ = 1.65 µm) observations, for the first time comprising early- and late-type
systems. Our data confirm that the mean effective dynamical mass-to-light ratio M/L
of the E+S0+S0a galaxies increases with increasing effective dynamical mass M , as
expected from the existence of the Fundamental Plane relation. Conversely, spiral and
Im/BCD galaxies show a broad distribution in M/L with no detected trend of M/L
with M , the former galaxies having M/L values about twice larger than the latter,
on average. For all the late-type galaxies, the M/L increases with decreasing effective
surface intensity Ie, consistent with the existence of the Tully–Fisher relation. These
results are discussed on the basis of the assumptions behind the construction of the
κ-space and their limitations. Our study is complementary to a previous investigation
in the optical (B-band: λ = 0.44 µm) and allows us to study wavelength-dependences
of the galaxy distribution in the κ-space. As a first result, we find that the galaxy
distribution in the κ1–κ2 plane reproduces the transition from bulge-less to bulge-
dominated systems in galaxies of increasing dynamical mass. Conversely, it appears
that the M/L of late-types is higher (lower) than that of early-types with the same M
in the near-IR (optical). The origins of this behaviour are discussed in terms of dust
attenuation and star formation history.
Key words: galaxies: spiral – galaxies: elliptical and lenticular – galaxies: funda-
mental parameters – galaxies: stellar content – infrared: galaxies.
1 INTRODUCTION
The study of the scaling relations between photometric and
kinematical properties of present-day stellar systems is a
powerful tool for the comprehension of the processes that
led to their formation and evolution (e.g. Mao & Mo 1998;
Mao, Mo & White 1998; Pahre, de Carvalho & Djorgovski
1998; Avila-Reese & Firmani 2000). The relation between
the total luminosity L and the central velocity dispersion
σ0 (Faber & Jackson 1976) and the relation between the ef-
fective radius re (the radius that contains half of the galaxy
total luminosity) and the central surface brightness µ0 (Kor-
mendy 1977) represent benchmarks for any theoretical mod-
elling of the early-type galaxies (de Zeeuw & Franx 1991
and references therein). Further analyses pointed out that
these galaxies and the bulges of the spiral galaxies popu-
late a two-dimensional manifold in the parameter space de-
fined by re, µe and σ0, named the Fundamental Plane (FP)
(Djorgovski & Davis 1987; Dressler et al. 1987), where µe is
the mean effective surface brightness (mean surface bright-
ness within re). The profound implications of this result, its
interpretation and its extension to parent systems at high
redshifts are still grounds both of observational challange
and of intellectually exciting debate (e.g., Scodeggio et al.
1998; Pahre, Djorgovski & de Carvalho 1999 and references
therein). For the late-type galaxies, the correlation between
the total luminosity L and the maximum rotational veloc-
ity VMax (Tully & Fisher 1977), as well as the distribution
in the parameter space defined by exponential disk scale-
length h and central surface brightness µ0 (Grosbøl 1985;
de Jong 1996a; see also Pierini 1997) are now compelling for
any theory of disk-galaxy formation (e.g. Dalcanton, Spergel
& Summers 1997; Mo, Mao & White 1998; Syer, Mao & Mo
1999). In order to reproduce the locus of these systems in
the h–µ0 plane, a bivariate distribution in mass and spin
parameter of the proto-galaxies is required, whatever the
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model of disk-galaxy formation is (cf. Dalcanton, Spergel &
Summers 1997; Firmani & Avila-Reese 2000).
The effective and central photometric parameters in-
volved by the previous scaling relations were determined tra-
ditionally from fitting either a de Vaucouleurs r1/4 law (de
Vaucouleurs 1948) or an exponential law (Freeman 1970) to
the radial surface brightness profiles. The first law was used
to describe the light distribution along the radial coordinate
of the elliptical galaxies and of the bulges of the spiral galax-
ies, after the pioneering analyses of de Vaucouleurs (1948,
1959). The second one was found to be a good description of
the light profiles of the disks, also in the case of S0 galaxies
(Burstein 1979).
Burstein et al. (1997 – hereafter referred to as BBFN;
see also Bender, Burstein & Faber 1992; Burstein et al. 1995)
proposed a three-dimensional parameter system, called κ-
space, in order to represent and to compare the global rela-
tionships of any stellar system (i.e., from the Galactic glob-
ular clusters to the galaxy clusters), in a self-consistent way.
The axes of the κ-space, κ1, κ2 and κ3, are proportional
to the logarithms of the galaxy mass and mass-to-light ra-
tio and of a third quantity, which is basically the surface
brightness, respectively, and do not depend on the fitting
law of the surface brightness profile. They reflect a set of
physical assumptions on the structure and velocity pattern
of the different self-gravitating, equilibrium stellar systems
(see BBFN), which may be subject of criticism on the ba-
sis of some observational results (e.g. Caon, Capaccioli &
D’Onofrio 1993; Busarello et al. 1997). BBFN investigated
kinematical and structural properties of nearby galaxies on
the basis of a large optical (B-band: λ = 0.44 µm) data-
set. Further analyses focussed on the distribution in the
near-IR κ-space either of present-day E+S0 systems (Pahre,
Djorgovski & de Carvalho 1998 – hereafter referred to as
PDdC) or of disks and bulges of present-day late-type galax-
ies (Moriondo, Giovanelli & Haynes 1999). The adoption of
near-IR photometry gives an insight of the scaling properties
of galaxies less biased by differences in age and metallicity
of the stellar populations (de Jong 1996b) and by dustiness
(Cardelli, Clayton & Mathis 1989 and references therein)
than the picture emerging from optical studies.
Here we present the near-IR (H-band: λ = 1.65 µm)
κ-space of both early- and late-type galaxies as a whole at
z=0. In Sect. 2 we define the κ-space axes and their relations
with typical galaxy parameters, such as mass, radius, surface
brightness and luminosity, and discuss the physical assump-
tions behind the κ-space and their limitations. The selection
criteria of our sample and the determination of the galaxy
parameters involved by the definition of the κ-space axes are
described in Sect. 3. Here we note that this sample comprises
several Virgo cluster galaxies down to MB = −15 mag (cf.
Boselli et al. 1997, 2000a), though it is not complete to low
surface brightness and dwarf galaxies. We present and dis-
cuss the galaxy distribution in the near-IR κ-space in Sect.
4. Discussion and conclusions on the wavelength-dependence
of the galaxy distribution in the κ-space are given in Sect.
5.
2 PHYSICAL MEANING OF THE K-SPACE
PARAMETERS: ASSUMPTIONS AND
THEIR LIMITATIONS
In origin (Bender, Burstein & Faber 1992), the κ-space is
a representation of the structural properties of the ellipti-
cal galaxies (but also of bulges of S0 and spiral galaxies)
which makes use of a particular orthogonal rotation of the
global parameter space defined by the one-dimensional cen-
tral velocity dispersion (σ0), effective radius (re) and mean
effective surface intensity (Ie). This orthogonal rotation pro-
vides face-on and edge-on views of the Fundamental Plane,
under the assumption that the ellipticals form a homolo-
gous family, i.e., that the two structure parameters c1 and
c2, which define the total luminosity LT (LT = c1Ier
2
e) and
the total mass MT (MT = c2σ
2
0re) of the system, are con-
stant. As a consequence, it implies the following logarithmic
relations between the three κ-coordinates κ1, κ2 and κ3 and
the parameters σ0, re and Ie of the early-type galaxies:
κ1 = (log σ
2
0 + log re)/
√
2 (1)
κ2 = (log σ
2
0 + 2log Ie − log re)/
√
6 (2)
κ3 = (log σ
2
0 − log Ie − log re)/
√
3 , (3)
where re is in kpc, Ie is in solar units and σ0 is in km s
−1.
While c1 = 2pi, by definition of Ie, the assumption
of a constant c2 is more uncertain and, therefore, plays a
more fundamental role. Bender, Burstein & Faber calcu-
lated that c2/c1 decreases by about a factor 1.6 from dwarf
ellipticals to giant ellipticals in a roughly monotonic fash-
ion, under the assumption that ellipticals are described by
King (1966) models with an isotropic velocity dispersion. Of
course real ellipticals may have more complex internal kine-
matics. The debate on homology is still waiting for defini-
tive answers, but from theoretical (Capelato, de Carvalho &
Carlberg 1995, 1997) and observational (Graham & Colless
1997; Busarello et al. 1997) studies it seems to emerge that
kinematical deviations from a homologous family may pro-
duce more important effects than structural deviations (see
also Pahre, de Carvalho & Djorgovski 1998).
Successively, BBFN proposed the κ-space as a tool of
representation of the structural properties of all stellar sys-
tems. In particular, for spiral and irregular galaxies, this
required the adoption of a transformation from their char-
acteristic velocity at re to their central velocity dispersion
σ0, their re and Ie being defined as for the ellipticals. Un-
der the assumption that spiral and irregular galaxies have
exponential Freeman (1970) disks and central surface bright-
nesses within 1 mag arcsec−2 of 21.65 B-mag arcsec−2, the
characteristic velocity at re is reasonably assumed to be
equal to the maximum rotational velocity VMax, on the ba-
sis of the observational results of Rubin et al. (1985). The
transformation from VMax to σ0 adopted by BBFN (i.e.,
VMax/σ0 =
√
2) descends from the further assumption that
disks are embedded in isotropic isothermal halos (Binney
& Tremaine 1987, Equ. 4–55), and is consistent with ob-
served values of this ratio (Whitmore & Kirshner 1981).
With this transformation, the κ-coordinates of spiral and
irregular galaxies are given by:
κ1 = (log V
2
Max + log re)/
√
2− 0.21 (4)
κ2 = (log V
2
Max + 2log Ie − log re)/
√
6− 0.12 (5)
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κ3 = (log V
2
Max − log Ie − log re)/
√
3− 0.17 , (6)
where VMax is expressed in km s
−1.
According to the previous assumptions, the dynamical
mass and the dynamical mass-to-light ratio of any early- and
late-type galaxy within re may be expressed in terms of the
definitions 1–6 of the κ-coordinates. The effective dynamical
mass (i.e., the mass within re) is defined by Me = 4.65 ×
105σ20 re M⊙, where the standard Keplerian formula Me =
re V
2(re)/G is adopted in order to define the mass of a disk,
with V (re) set equal to VMax and transformed to σ0. As a
consequence, the effective dynamical mass (in solar units) is
given by:
log Me(M⊙) =
√
2κ1 + 5.67 . (7)
From the definition of effective luminosity (i.e., the luminos-
ity within re) Le = pi × 106Ie r2e ,
log Le(L⊙) =
√
2κ1 −
√
3κ3 + 6.50 , (8)
so that the effective dynamical mass-to-light ratio is ex-
pressed as:
log Me/Le (⊙) =
√
3κ3 − 0.83 . (9)
In elliptical (and lenticular) galaxies, neglect of rota-
tional support and flattening may lead to the underesti-
mate of M , as derived from Equ. 7. The fractional con-
tribution of ordered motion (rotation) to the total kinetic
energy is not negligible in elliptical galaxies of intermedi-
ate mass (BBFN). In recent years (Simien & Prugniel 2000
and references therein), it has been found that, in elliptical
galaxies, the ratio of rotational velocity and velocity disper-
sion has a broad range, with an average value of the order
of 40%, roughly. For an isotropic oblate rotator, this figure
corresponds to a fractional change in kinetic energy due to
rotation of about 5%, which is associated with an ellipticity
less than 0.2 (Binney & Tremaine 1987). According to the
computational results tabulated by the latter authors, the
correction factor for the mass of a rotating oblate galaxy
with the previous characteristic is less than 1.12, i.e., 0.05
dex. As a reference, for rotating ellipticals of maximum el-
lipticity ∼ 0.4, the theoretical mass correction is 1.35, i.e.,
0.13 dex.
The assumptions made in the case of spiral and irreg-
ular galaxies affect the κ-coordinates of these stellar sys-
tems as well. One reason of concern is that these objects
are far from being described by a Freeman exponential pro-
file in a homogeneous way, and not only when a bulge is
present. In fact, in the near-IR, the central surface bright-
ness of the disk-component of spiral and irregular galaxies
falls within a broad range of ∼ 4 mag arcsec−2 (Grosbøl
1985; de Jong 1996a; Pierini 1997). Moreover, the effective
radius of a spiral galaxy depends on the bulge-to-disk ra-
tio in a complex way, this ratio depending on the formation
mechanisms of bulge and disk, and on the spectral energy
distribution of each of these two components. On a statis-
tical basis, Gavazzi et al. (2000b – hereafter referred to as
Paper V) and Scodeggio et al. (2001 – hereafter referred
to as Paper IX) have found that the central near-IR–light
concentration increases with near-IR luminosity in spiral
and irregular galaxies. Consistently, more luminous systems
tend to have a bulge. This means that, for these stellar sys-
tems, the effective radius corresponds to a lower fraction of
the isophotal radius with increasing luminosity. The radius
where the (supposed) universal shape of the rotation curve
of spiral galaxies reaches its maximum velocity changes with
luminosity as well (Persic, Salucci & Stel 1996), this radius
becoming much shorter than the isophotal optical radius
with increasing luminosity. On one hand, these results sup-
port the assumption that V (re) = VMax in spiral galaxies
with a bulge. Therefore, Equ. 7 and 8 may be applied to
spiral galaxies with a bulge, the more luminous ones, on
average, the principal unknown being whether the transfor-
mation from VMax to σ0 changes for these systems, i.e., more
generally, with luminosity. On the other hand, the same as-
sumption may be made for spiral and irregular galaxies of
lower luminosities since the rotation pattern of these objects
becomes shallow at radii ≥ re (Persic, Salucci & Stel 1996),
with the caveat that, by imposing V (re) = VMax, V (re) may
be significantly overestimated in the least luminous objects.
3 DATA
3.1 Sample and data analysis
In the last 7 years, Gavazzi and collaborators have carried
out an extensive imaging survey of 1157 early- and late-
type galaxies of the Local Universe, in the near-IR bands
H and/or K′ (λ = 2.10 µm). The sample galaxies were op-
tically selected in regions of the A262, Cancer and Virgo
clusters, and of the Coma Supercluster (cf. Gavazzi, Pierini
& Boselli 1996 - hereafter referred to as GPB). We deter-
mine galaxy distances either from individual redshifts us-
ing H0 = 75 km s
−1Mpc−1 (isolated galaxies of the Coma
Supercluster and Cancer cluster members) or via the clus-
ter assignment method, i.e. from the average redshift of the
structure to which they belong (cf. GPB). According to the
different estimated distances and adopted limiting magni-
tudes, only for the Virgo cluster subsample (Boselli et al.
1997, 2000a) the observations reach the bright end of the
luminosity function of dwarf systems. We identify dwarf sys-
tems as those which satisfy the commonly accepted distance-
luminosity definition of Tammann (1980).
The entire survey is described in details elsewhere
(Gavazzi et al. 1996b,c; Boselli et al. 1997; Scodeggio et al.
1998; Gavazzi et al. 2000a; Boselli et al. 2000a – hereafter
referred to as Papers I and II, B97, S98, Papers III and
IV) and we refer the reader to these papers for details con-
cerning observations, data reduction, photometric calibra-
tion and image reduction procedures of these 1157 galaxies.
For the present study it is important to say that azimuthally
averaged surface brightness profiles were derived and suc-
cesively fitted using either a de Vaucouleurs r1/4 law, an
exponential-law, a bulge+disk model or an exponential/de
Vaucouleurs truncated model. The total magnitude of each
galaxy was obtained by adding to the flux measured within
the outermost significant isophote the flux extrapolated to
infinity along the model that fitted the outer parts of the
galaxy. The typical internal error in the determination of HT
is ±0.15 mag. The effective radius re and the mean surface
brightness within re (i.e., µe) of each galaxy were computed
in two ways (Paper V). The “fitted” values of the individual
components were derived from the individual fitted profiles,
extrapolated to zero and to infinity. By contrast, the “em-
pirical” values of the effective radius and surface brightness
c© ... RAS, MNRAS 000, 1–11
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of the system were obtained locating the half-light point
along the observed light profile, where the total amount of
light is given by the total magnitude described above, and
corrected for seeing according to Saglia, Bender & Dressler
(1993). The “empirical” values of re and µe are used here.
Typical internal errors in the determination of log re and µe
are ±0.05 and ±0.16 mag arcsec−1, respectively. Empirical
values of the radii that enclose 75% and 25% of the total
light were also determined, and their ratio defines the con-
centration index c31 (de Vaucouleurs 1977). Since part of the
late-type galaxies in the Virgo cluster were observed in the
K′-band, their surface brightness profiles were corrected for
the mean H-K′ color term found by B97 (0.26 mag) before
the determination of re and µe.
For the late-type galaxies, accurately determined (dou-
ble or single horned profile with high signal-to-noise ratio)
line-widths (a mean of the full-widths at the 20% and 50%
levels of the maximum intensity) are taken from homoge-
neous low spatial resolution HI (i.e., λ = 21 cm) spec-
troscopic data-sets available in the literature (Scodeggio &
Gavazzi 1993 and references therein). In absence of 21 cm
measurements or for HI-deficient spirals (Haynes & Gio-
vanelli 1984), maximum rotational velocities are derived
from optical (i.e., Hα line, λ = 6563 A˚) major-axis rota-
tion curves either derived by us (Gavazzi et al. 1999) or
available in the literature. Reassuringly, no evidences of sys-
tematic differences in the measured line-widths either from
HI or from Hα spectroscopic data are found for the sub-
sample of non HI-deficient objects with both measurements
(Gavazzi et al. 1999). The values of VMax are derived from
the line-widths, corrected for turbulent/z-motions along the
line-of-sight (−12.6 km s−1) according to Richter & Hucht-
meier (1984) and deprojected according to the Hubble type-
dependent Holmberg formula given by Haynes & Giovanelli
(1984). For the early-type galaxies, the values of the velocity
dispersion are taken from the literature (S98 and references
therein) and homogenized, if necessary, according to the lat-
ter authors.
In the present analysis, we exclude the dE and dS0
galaxies observed by Gavazzi et al. (2001) since it is still mat-
ter of debate whether their stellar disk-component is rota-
tionally flattened or not (e.g. Rix, Carollo & Freeman 1999;
Geha, Guhathakurta & van der Marel 2001). By contrast,
we select 197 early-type galaxies and 210 late-type galaxies,
out of the surveyed sample of 1157 galaxies, according to
the following criteria:
1) available homogeneous reliable measurements either of
the central velocity dispersion or of the maximum rotational
velocity, for early- and late-type galaxies, respectively;
2) (only for the late-type systems) galaxy inclination be-
tween 30o and 85o, in order to limit any deprojection bias
on VMax and a non-negligible inclination correction of the
photometric properties (if any), respectively;
3) goodness of the mono-dimensional (i.e. radial) surface
brightness profile fit (Paper V), assured by the rejection
threshold χ2 = 3.5. Though re and µe do not come from the
fitting of the radial surface brightness profile, we adopt this
criterion in order to select a sample of “well-behaved” galax-
ies, i.e. of objects with photometric properties not highly af-
fected either by prominent structural features different from
bulge and disk or by peculiarities.
Requirement 1 limits the statistics of our sample by
and large, so that we do not adopt any cut either in VMax
or in σ0, though literature sources suggest that values of
VMax < 100 km s
−1 and of σ0 < 100 km s
−1 are less reliable
(but see PDdC). The availability of reliable measurements
of VMax limits the statistics of galaxies later than Sc but not
that of S0a–Sab galaxies.
No completeness is claimed for the resultant sample of
407 galaxies, which is, therefore, exposed to the cluster pop-
ulation incompleteness bias (Teerikorpi 1987, 1990). Since
the goal of the present paper is not to determine statisti-
cally accurate relations between the parameters of different
scaling relations but to discuss the relative distribution of
each morphological class of galaxies within the κ-space, the
effects of such a bias are less worrisome.
For the sample here selected, Table 1 reproduces the
relevant information as follows:
1) the galaxy denomination, from either the “Catalogue of
Galaxies and Clusters of Galaxies” of Zwicky et al. (1961–
1968 – CGCG) or from the “Virgo Cluster Catalogue” of
Binggeli, Sandage & Tammann (1985 – VCC);
2) the Hubble type (0 = E – E/S0, 1 = S0, 2 = S0a – S0/Sa,
3 = Sa, 4 = Sab, 5 = Sb, 6 = Sbc, 7 = Sc (dSc), 8 = Scd,
9 = Sd, 10 = Sdm – Sd/Sm, 11 = Sm, 12 = Im (Im/S),
13 = generic irregulars of Coma and peculiar galaxies, 14 =
S/BCD (dS/BCD, dS0/BCD, Sd/BCD), 15 = Sm/BCD,
16 = Im/BCD);
3) the major axis;
4) the minor axis;
5) the characteristic velocity (i.e., either the central veloc-
ity dispersion σ0 or the maximum rotational velocity VMax
according to morphology);
6) the effective radius re;
7) the effective surface brightness µe (the effective sur-
face intensity in H-band solar units is given by Ie =
10−0.4(µe−24.91));
8) κ1;
9) κ2;
10) κ3.
The values of re and µe listed in Tab. 1 are corrected
for extinction as described in the next section.
3.2 Extinction corrections
Dust extinction affects the observed global metric and pho-
tometric properties of potentially any galaxy somehow, since
dust production is a result of star formation. The magnitude
of these effects changes with the pass-band of the observa-
tions and depends on the physical and chemical properties
of the dust grains, the topology of the dust, the distribution
of the dust with respect to the different stellar populations
and the attenuation optical depth along the line-of-sight in
a non trivial way. A careful correction of the photometric
properties for dust attenuation, in particular, requires mod-
eling of the stellar populations and of the radiative transfer
within each galaxy, on one hand, and a multi-wavelength
data-set for any individual galaxy, on the other. This task
is prohibitive for a large sample like ours. Therefore, we
have to make a set of assumptions and adopt a set of cor-
rections based on statistics. The relatively low exctinction
in the H-band (Cardelli, Clayton & Mathis 1989 and refer-
ences therein) gives some insurance against large systematic
c© ... RAS, MNRAS 000, 1–11
1.65 µm (H-band) surface photometry of galaxies. VIII:the near-IR κ-space at z=0 5
errors, though the magnitude of the error may vary on an
individual basis.
Elliptical and lenticular galaxies may contain dust,
either in the form of lanes and patches or of a diffuse
component of the interstellar medium (Bertola & Galletta
1978; Hawarden et al. 1981; Jura 1986). The wavelength-
dependent effects of dust absorption and scattering on their
photometric properties have been studied by Witt, Thron-
son & Capuano (1992) under the assumption of a diffuse
dust component. As shown by these authors, attenuation
optical depths of 0.1–1 in the V-band (λ = 0.55 µm) may
explain some of the photometric properties of these stel-
lar sytems, e.g. their color gradients. Starlight attenuation
is primarily the result of absorption in the near-IR, where
the absorption optical depths are lower than in the opti-
cal (Witt, Thronson & Capuano). Dust is found capable to
affect the projection of the kinematical quantities of these
stellar systems as well (Baes & Dejonghe 2000; Baes, De-
jonghe & De Rijcke 2000). Nonetheless, under the assump-
tion that only the diffuse dust component is present in ellip-
tical and lenticular systems, we may reasonably assume that
these stellar systems are basically dust-free in the H-band,
in agreement with Baes & Dejonghe.
This assumption is questionable for spiral and irregular
galaxies. The debate on the opacity of the disk-component
of spiral and irregular galaxies is still open and its discussion
is beyond our scope (see Disney et al. 1989 for a review). If
dust is distributed only in the disk, disks are more absorbed
at high inclinations, because of the larger optical depth of
the dust in the plane of the galaxy. By contrast, bulges are
more attenuated at low inclinations, as in this case basi-
cally only the foreground light of the system is observed,
whereas at high inclinations, almost the entire bulge comes
into view, if the dust thickness is not substantial with re-
spect to the bulge effective radius (Ferrara et al. 1999). As
a consequence, in bulge+disk systems, the dust effects on
re and µe will depend not only on the opacity along the
line-of-sight but also on the bulge-to-disk ratio at a given
pass-band. To make things more complex, bulges may be
dusty too (Peletier et al. 1999). For bulge+disk systems,
recipes for the correction of re and µe for dust attenua-
tion, motivated either by radiative transfer models or by
observational studies, still lack. By contrast, dust attenu-
ation in exponential disks has driven more attention both
from theory (e.g. Bianchi et al. 2000) and observations (e.g.
Moriondo, Giovanelli & Haynes 1999). For the purposes of
our study, we make the following assumptions: i) dust is dis-
tributed only in the disk-component of spiral and irregular
galaxies; ii) the inclination corrections for re and µe are the
same as for the exponential disk scale-length (h) and central
surface brightness (µ0), respectively, whatever the late Hub-
ble type of the galaxy is. Given the previous discussion, we
aknowledge that the second assumption over-simplifies the
problem. However, at least this assumption does not lead
to an inconsistency when we compare the effective luminosi-
ties obtained through Equ. 10, after applying the extinction
correction of Moriondo, Giovanelli & Haynes (1999) to re
and µe, and the total luminosities obtained from our data
analysis and corrected for internal extinction (Galactic ex-
tinction is negligible in the H-band) according to the recipes
of Gavazzi & Boselli (1996). The corrections for inclination
applied to re and µe are:
re,c = re,o/(1 + 0.41(±0.17)log a/b) (10)
µe,c = µe,o + 1.5(±0.35)log a/b , (11)
where re,o, re,c, µe,o and µe,c are the observed and corrected
values of the effective radius (in arcsec) and of the mean
effective surface brightness (in mag arcsec−2), respectively,
and a/b is the major-to-minor axis ratio. Total magnitudes
are corrected for internal extinction as follows (Gavazzi &
Boselli 1996):
mT,c = mT,o − 2.5× 0.17log a/b , (12)
where mT,o and mT,c are the observed and corrected values,
whatever the Hubble-type is. In fact, Gavazzi & Boselli did
not find any morphological dependence of the corrections
of total magnitudes for internal extinction in the near-IR
pass-bands, as opposed to the optical ones.
4 THE H-BAND K-SPACE
Fig. 1 shows the distribution of the sample galaxies in
a three-dimensional fold-out of the near-IR κ-space. Here
we group the sample galaxies in ellipticals (E) plus lentic-
ulars (S0), S0a galaxies, and giant spirals (Sa–Sc) plus
late-spirals/Im/BCDs (Scd–Im/BCD) and generic irregu-
lar/peculiar galaxies. E+S0, S0a, Sa–Im/BCD galaxies plus
generic irregular/peculiar galaxies are represented with filled
circles, asterisks and empty circles, respectively, in Fig. 1.
We assume characteristic cumulative uncertainties δκ1 =
δκ2 = δκ3 = 0.1, consistent with typical uncertainties in the
observables (cf. Sect. 3). The magnitudes of these 1 σ errors
are reproduced in each panel of Fig. 1. We also reproduce
the increase in all the three κ-space coordinates due to the
increase of the dynamical mass when the potential contribu-
tion of rotational velocity to the total kinetic energy of the
ellipticals is taken into account (cf. Sect. 2).
Here we need to say that the impact of the extinction
corrections on the distribution of the late-type galaxies in
the near-IR κ-space is small but the fact that the average
effective mass-to-light ratio of these galaxies increases by
70% when extinction corrections are applied.
In the next subsections we analyse the galaxy distri-
bution in each projection of the κ-space as a function of
morphology. Therefore, in Fig. 2, we reproduce the three-
dimensional fold-out of the near-IR κ-space for these four
groups of Hubble types:
• E, S0 and S0a, represented by filled circles, empty
squares and asterisks, respectively (panel a);
• Sa+Sab and Sb, represented by broad crosses and
empty hexagons, respectively (panel b);
• Sbc and Sc, represented by filled triangles and empty
circles, respectively (panel c);
• Scd, Sd and Im/BCD plus generic irregular/peculiar
galaxies, represented by empty pentagons, stars and crosses,
respectively (panel d).
We adopt this classification from BBFN (except for the
generic irregular/peculiar galaxies).
In each panel of Fig. 2, we reproduce the Fundamental
Plane relation in the κ1–κ3 plane (see Sect. 4.1.1), the dis-
tribution of the E+S0 galaxies, within ±1 σ from the mean,
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in the κ2–κ3 plane (see Sect. 4.2.1) and the borderline of the
“Zone of Exclusion” in the κ1–κ2 plane (see Sect. 4.3.1).
4.1 Galaxies in the κ1–κ3 plane
4.1.1 Ellipticals and lenticulars
The distribution of the elliptical and lenticular galaxies in
the κ1–κ3 projection of the κ-space confirms that the dy-
namical mass-to-near-IR light ratio increases with the dy-
namical mass (cf. PDdC) as found in the optical (Bender,
Burstein & Faber 1992; Burstein et al. 1995; BBFN). This
result was expected from the existence of the Fundamental
Plane relation in its canonical notation (Pahre, de Carvalho
& Djorgovski 1998; S98). A linear fit to the data which min-
imizes the dispersion in both axes gives:
κ3 = 0.242(±0.022)κ1 − 0.373(±0.076) . (13)
The slope of the H-band FP (in κ-space notation) that
we derive corresponds to the scaling relations Me/Le ∝
M0.296±0.027e and Me/Le ∝ L0.421±0.055e . In the K-band
PDdC obtained Me/Le ∝ M0.147±0.011e and Me/Le ∝
L0.172±0.013e . The origin of the significant discrepancy be-
tween these two sets of near-IR scaling relations is twofold:
the incompleteness bias and differences in data analysis.
First we note that both these analyses rest on uncomplete
samples, so that the derived scaling relations are biased. The
PDdC sample is more than twice in size than ours, contain-
ing 251 elliptical and lenticular galaxies, selected primar-
ily from 13 nearby rich clusters (but also from loose groups
and the general field), whose distribution in redshift velocity
brackets the redshift velocities of Virgo and Coma, the main
contributors of objects in our study. According to the study
of the incompleteness bias by Teerikorpi (1987, 1990), we
may allow that, in our sample, the fraction of low-luminosity
(and low-mass) objects is skew towards higher luminosities
(and masses) than in the PDdC sample, so that a steeper
relation between mass-to-light ratio and mass may be ex-
pected. Nonetheless, systematic differences in the data anal-
ysis between us and PDdC probably have a larger impact on
the obtained scaling relations. While the seeing corrections
adopted by us and PDdC are consistent (cf. Pahre 1999),
the effective radii and mean surface brightnesses are derived
in two different ways. We obtain these effective parameters
from isophotal, elliptical surface photometry (cf. Sect. 3.1),
while PDdC determined them from circular aperture pho-
tometry, in agreement with previous optical studies. As dis-
cussed by Pahre (1999), the isophotal estimate of the effec-
tive radius is, on average, slightly larger than its circular
aperture estimate, and, conversely, the isophotal estimate
of the effective intensity is lower than the corresponding
circular aperture estimate. This was already proposed by
S98 in order to explain the discrepancy between the H-band
and the K-band FP relations, the K-band effective parame-
ters being obtained from the circular aperture estimates of
Mobasher et al. (1999). If the comparison of these two data-
sets is held as representative of the systematic effects due to
the different data analysis, we infer that the adoption of cir-
cular aperture estimates of the effective parameters causes
a systematic decrease of the κ1 and κ3 coordinates (cf. Equ.
1 and 3). This results in a reduced slope of the FP in the
κ-space notation and contributes to justify the discrepancy
between us and PDdC.
4.1.2 Spirals and Im/BCDs
Spiral and Im/BCD galaxies form two distinct classes in
the κ1–κ3 plane, the latter having a mean effective mass-to-
light ratio (in solar units) larger by a factor of 2. Taken as a
whole, the late-type galaxies have a mean value of κ3 equal
to 0.656, i.e., a mean effective mass-to-light ratio (in solar
units) equal to 2. This figure is 43% of the value of the mean
total mass-to-light ratio (in solar units) determined by GPB
for a sample of 426 late-type galaxies. This large discrepancy
has not a statistical origin. First, the total mass-to-light ra-
tios of GPB were determined, under the same assumptions
of virial equilibrium and spherical symmetry as in Sect. 2,
at the 25 B-mag arcsec−2 isophotal radius Ropt, and not at
infinity. As a consequence, the mass-to-light ratios quoted
in GPB are about 10% less than the total ones, on aver-
age. From the definitions of total and effective mass and
luminosity, MT and LT respectively, it is straightforward to
determine that Me/Le = 2re/Ropt×MT /LT . Whatever the
Hubble type of the galaxy is, on average, Ropt/re = 5.3±0.08
(Paper V), so that we expect that the mean effective mass-
to-light ratio is 38% of the mean total mass-to-light ratio, on
average. Second, we note that the maximum rotational ve-
locities were not corrected for turbulent/z-motions by GPB,
so that the estimates of the total mass-to-light ratios fur-
ther exceed those of the effective mass-to-light ratio for the
low-mass objects. We conclude that the two estimates are
consistent within the assumptions and the uncertainties of
the observations.
What do these two estimates tell us about the radial
behaviour of the mass-to-light ratio? The mass of a spiral
galaxy within a given galactocentric distance lays with high
confidence between the estimates given by a flat disk model
and a spherical one and is between 60 and 100% of the mass
estimate determined through the assumption of spherical
symmetry (Lequeux 1983). According to this author, the
overestimate due to this assumption is probably much re-
duced at galactocentric distances as large as the optical ra-
dius, where spherical components dominate the potential.
Hence, the 60% difference between the average estimates of
the effective and total mass-to-light ratios may suggest that
the actual mass-to-light ratio increases with galactocentric
distance.
A linear fit to the data of all the galaxies later than S0a
which minimizes the dispersion in both axes gives:
κ3 = −0.076(±0.021)κ1 + 0.904(±0.070) . (14)
Formally this relation corresponds to the scaling relations
Me/Le ∝ M−0.093±0.026e and Me/Le ∝ L−0.103±0.032e .
The slight dependences of the effective mass-to-light ra-
tio on effective mass and luminosity are marginally signifi-
cant. We note that the adoption of velocity corrections for
turbulent/z-motions gives us some protection against a sys-
tematic overestimate of the mass of the Scd–Im/BCD galax-
ies, where such motions are not negligible with respect to the
rotational velocity. The incompleteness bias which affects
our sample may justify even higher mass-to-light ratios for
these galaxies, since we better observe low-mass objects of
higher luminosity. On the other end, Lequeux (1983) shows
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that the discrepancy between the estimates of the mass-to-
light ratio given by a flat disk model and a spherical one
depends on its rotation curve. In a disk where the rotation
curve increases linearly until a radial distance a, where it
reaches its maximum, and stays flat at larger radii, this as-
sumption leads to a discrepancy increasing from 40 to 50%
when a ranges between 0 and the optical radius. Since ro-
tation curves seem to peak at larger radial distances with
decreasing mass of the system (Persic, Salucci & Stel 1996),
it is reasonable to assume that our estimates of the effec-
tive mass-to-light ratio for the Scd–Im/BCD galaxies may
be systematically in excess by an additional 10% with re-
spect to those of earlier and more massive late-types. Fur-
thermore, setting the velocity at the effective radius equal
to the maximum velocity may lead to an overestimate of
the dynamical mass of these systems, as discussed in Sect.
2. Alternatively, the decrease of the dynamical mass-to-light
ratio with mass may be attributed to increasing extinction,
as an effect of the mass-metallicity relation (Zaritsky, Ken-
nicutt & Huchra 1994). At present, there are no estimates
of such an effect, obtained from modelling both kinematics
and radiative transfer and we assume that these effects are
very small in the near-IR. Hence, we conclude that the va-
lidity and interpretation of the scaling relations involved by
Equ. 14 are dubious.
4.2 Galaxies in the κ2–κ3 plane
4.2.1 Ellipticals and lenticulars
In this projection of the κ-space, the distribution of the
E and S0 galaxies is elongated in the direction of the κ2
axis, so that Ie ∝ (Me/Le)−3 for these objects (Fig. 2a). A
similar distribution is found by PDdC and BBFN. There-
fore, we conclude that the higher is the mass of an ellipti-
cal/lenticular galaxy the higher is its mean effective mass-
to-light ratio and the lower is its effective surface intensity,
whatever the pass-band is. S0a galaxies distribute in a sim-
ilar way to the early-types.
4.2.2 Spirals and Im/BCDs
For the late-type galaxies, the coordinates κ2 and κ3 are not
independent. As shown by BBFN, the distribution of the spi-
ral and Im/BCD galaxies in this plane reproduces the gener-
alized Tully–Fisher (TF) relation log LT = AC log VMax +
const., where AC is the color-dependent exponent in the
standard TF power law. In the near-IR AC = 4 (Aaronson
et al. 1979) whatever the morphological type is (e.g. Pierini
& Tuffs 1999) and, as a consequence, spiral and Im/BCD
galaxies distribute in a plane that projects with minimal
scatter onto κ2–κ3 (BBFN). For the present sample of late-
type galaxies we obtain AC = 3.851±0.074, consistent with
the standard exponent of the near-IR TF relation, but the
scatter in the κ2–κ3 plane is still large. We conclude that,
whatever the astrophysical origin of the TF relation is (e.g.
Silk 1997; Avila-Reese & Firmani 2000), its existence implies
a non-linear relation between effective surface intensity and
mass-to-light ratio along the whole Hubble sequence of the
spiral galaxies (Pierini & Tuffs 1999). The exponent of this
power law depends on the observing wavelength and is ∼
1.5 in the near-IR.
4.3 Galaxies in the κ1–κ2 plane
4.3.1 Ellipticals and lenticulars
The κ1–κ2 plane may be considered a sort of face-on pro-
jection of the galaxy distribution in the κ-space (BBFN),
where early- and late-type galaxies distribute in two broad
and almost perpendicular regions. Elliptical and lenticular
galaxies populate the broad region defined by κ1 > 2.5 and
κ2 > 3, with κ1 + κ2 < 9, approximately, together with the
S0a galaxies. This result is consistent with the distribution
of similar galaxies in PDdC and BBFN. In analogy with the
latter authors we call “Zone of Exclusion” the region with
κ1 + κ2 ≥ 9.
4.3.2 Spirals and Im/BCDs
The galaxies with morphological type later than S0a pop-
ulate a broad region defined by −1 < κ2 − κ1 < 2, with
κ1 + κ2 < 9. Individual late-type galaxies distribute inside
this strip and further away from the “Zone of Exclusion”
according to the progression in morphological type from Sa
to Im/BCD, as found in the optical (BBFN). Consistently,
late-type galaxies with decreasing values of the light con-
centration index c31 populate regions further away from the
“Zone of Exclusion”. By contrast, all our E+S0+S0a galax-
ies have c31 > 2.82, the typical value for a pure exponential
disk-system, and do not show any relation between their
location in the κ1–κ2 plane and their value of c31.
4.3.3 The “generalized” Kormendy relation
The similar behaviours of early- and late-type galaxies in the
optical and near-IR κ1–κ2 planes must reproduce a change
in the relation between fundamental structural parameters,
independent of the observational wavelength where these pa-
rameters are determined. As suggested by BBFN, the distri-
bution of giant and dwarf early-type galaxies in the optical
κ1–κ2 plane is analogous to the division of these stellar sys-
tems found by Kormendy (1988), the behaviour of the Sa–Sc
galaxies resembling that of the giant ellipticals and lenticu-
lars.
Therefore, we plot µe vs. re for the pure de Vaucouleurs
systems (filled hexagons) in Fig. 3a and for all the E+S0
galaxies of our sample (filled circles and empty squares, re-
spectively) in Fig. 3b. The Kormendy relation (Kormendy
1977, 1988; Burstein 1979) of the E galaxies of the present
sample is reproduced in each panel:
µe = 2.65(±0.07)log re + 15.65(±0.04) . (15)
It is no surprise that the subsample of the pure de Vau-
couleurs systems follows such a relation, since this is a natu-
ral consequence of the r1/4 law of their light profiles (Khos-
roshahi, Wadadekar & Kembhavi 2000). However, all the
E+S0 galaxies distribute along the same mean relation (Fig.
3b), whatever their radial surface brightness profiles are.
Hence we conclude that the Kormendy relation is not an
artifact of the r1/4 law but it expresses a unique property of
all these stellar systems.
In addition, we plot µe vs. re for the pure exponential
disk-systems plus the truncated-disk systems (empty trian-
gles in Fig. 3c) and for all the de Vaucouleurs/exponential
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bulge+exponential disk systems (filled squares in Fig. 3d).
We find that the distribution of the late-type galaxies as a
whole class in the near-IR re–µe plane is similar to the dis-
tribution of their disk-components in the near-IR and opti-
cal h–µ0 planes (Grosbøl 1985; de Jong 1996a; Dalcanton,
Spergel & Summers 1997; Pierini 1997). In fact:
• the mean effective surface intensity of spiral systems as
a whole and the central intensity of their exponential disk-
components range within a broad but upper limited interval
for any value of the effective radius and of the exponential
disk scale-length, respectively;
• in both distributions the limiting intensity is constant
for systems with characteristic sizes less than ∼ 1 kpc, but
decreases in systems of larger characteristic sizes.
It is interesting to realize that the Kormendy relation
of the ellipticals represents the borderline of the broad re-
gion in the re–µe plane populated by the late-type galaxies.
In particular, the bulge+disk late-type galaxies populate a
strip parallel and immediately below the locus defined by
the Kormendy relation, consistent with Khosroshahi et al.
(2000), while the pure exponential/truncated disks populate
the whole permitted region of the re–µe plane.
The comparison of Fig. 1 and 3 may suggest that struc-
ture changes with the mass of the stellar system (Paper
V and IX), under the assumption of homologous classes of
galaxies in gravitational equilibrium, and that this equilib-
rium holds only outside the “Zone of Exclusion” (BBFN).
5 DISCUSSION AND CONCLUSIONS
The existence of the Hubble sequence of galaxies (Hubble
1926; Sandage 1961) reflects differences in structure, kine-
matics and global star-formation histories of the classified
stellar systems (Roberts & Haynes 1994). The study of the
galaxy distribution in the so-called κ-space (BBFN) con-
tributes to the understanding of the galaxy phenomenol-
ogy, under the non trivial assumption that early- and late-
type galaxies form two distinct homologous classes in grav-
itational equilibrium. Our investigation of the κ-space of
nearby galaxies is based on near-IR surface photometry and
is complementary to the near-IR studies of PDdC (lim-
ited to ellipticals and lenticulars) and Moriondo, Giovanelli
& Haynes (1999) (limited to bulges and disks of late-type
galaxies) and to the optical study of BBFN, though the pho-
tometric parameters are derived via different procedures in
these four studies.
As a first result, we find that galaxies of the same mor-
phological type distribute in the κ1–κ2 projection of the
κ-space in a way analogous to the optical case. This dis-
tribution reproduces the “generalized” Kormendy relation
(BBFN) since it finds analogies with the Kormendy relation
of elliptical and lenticular galaxies (Kormendy 1977, 1988;
Burstein 1979) on one hand and, on the other, the distribu-
tion of the disk-components of late-type galaxies in the h–µ0
plane (Grosbøl 1985; de Jong 1996a; Pierini 1997). It traces
changes in the global structure associated with the dynam-
ical mass of the galaxy (cf. Paper V and IX), beyond any
possible systematic effect due to differences in the radial dis-
tribution of the stellar populations which dominate the light
emission in different pass-bands, whether these differences
are intrinsic or due to differential attenuation by dust (cf.
Witt, Thronson & Capuano 1992 for the early-type galax-
ies). We also confirm that the distribution of the early-type
galaxies in the κ1–κ3 plane reproduces their Fundamental
Plane relation and that, conversely, the distribution of the
late-type galaxies in the κ2–κ3 plane reproduces the Tully–
Fisher relation of the latter stellar systems. This time, the
galaxy distribution in the κ1–κ3 and κ2–κ3 projections of
the κ-space depends on the pass-band adopted in order to
determine the photometric properties of the galaxies, as a
consequence of the dominant role of the mass-to-light ratio.
The Fundamental Plane relation (in κ-space notation)
shows that the dynamical mass-to-light ratio of elliptical and
lenticular galaxies increases with dynamical mass, both in
the optical and in the near-IR. The neglect of dust effects,
even for rather modest amounts of dust, leads to an overes-
timate of the total dynamical mass-to-light ratio by a factor
of ∼ 20% per optical depth unit (Baes, Dejonghe & Rijcke
2000). Therefore, this relation holds almost unaffected by
dust bias of the photometric properties in the near-IR. By
contrast, the neglect of the rotational velocity on the mass
estimate affects the Fundamental Plane relation, whatever
the photometric pass-band is. We estimate that the system-
atic underestimate of the dynamical mass of the ellipticals is
about 10%, on average. As a consequence, in the near-IR, a
giant elliptical galaxy would have a corrected mean effective
mass-to-light ratio of about 1.6 (in solar units), on average,
still lower than the average mean effective mass-to-light ratio
of late-type galaxies. The correction for the lenticular galax-
ies is not straightforward, but we may expect that it ranges
between 10 and 30%, on average, the latter value applying
to rotating ellipticals of maximum ellipticity ∼ 0.4. As a
consequence, in the near-IR, the corrected mean effective
mass-to-light ratios of lenticular galaxies might be interme-
diate between those of earlier and later Hubble types.
Spiral and Im/BCD galaxies show very different be-
haviours in the optical and near-IR κ1–κ3 planes. First
of all, they have mean effective mass-to-light ratios higher
than those of elliptical and lenticular galaxies of the same
mass in the near-IR but it is vice versa in the optical (cf.
BBFN). A study of the non-trivial effects of dust attenua-
tion on the surface photometry of the late-type galaxies is
beyond the reach of this analysis and, therefore, we have as-
sumed statistically-based inclination corrections of the near-
IR photometric parameters of these stellar systems (Equ.
10 and 11). In the near-IR, these corrections produce an in-
crease of the mean effective mass-to-light ratio (Fig. 3a,b),
opposite to what expected for early-type galaxies, so that
we are confident that the relative distribution of early- and
late-type galaxies κ1–κ3 plane is robust. Second, in the opti-
cal, the mass-to-light ratio vs. mass relation shows a strong
dependence on the Hubble type of the spiral and Im/BCD
galaxies. In the near-IR this dependence is not detected (if
any) though there may be a hint that Im/BCD galaxies have
higher mass-to-light ratios than spirals.
If not due to systematic differences either in the
statistically-based corrections for dust effects and inclination
adopted by us and BBFN or in the estimate of the photo-
metric parameters, the different locations of early- and late-
type galaxies in the optical and near-IR κ1–κ3 planes may
originate from residual dust effects and/or from differences
in the characteristic stellar populations, both dependent on
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morphology and mass. The stellar mass-to-light ratio of a
simple stellar population (SSP) increases with age both in
the optical and in the near-IR, its early-time evolution be-
ing very fast until ∼ 5 Gyrs and becoming mild afterwards
(e.g. Maraston 1998). In particular, the stellar mass-to-near-
IR light ratio reaches a value within 20% from the present
one (∼ 1.2 at 15 Gyrs) after only 3 Gyrs, while the stellar
mass-to-optical light ratio amounts to 80% of the present one
(∼ 10) after 13 Gyrs. Of course a galaxy is not reproduced by
a SSP but by a mix of different SSPs, weighted by its global
star formation history. In particular, star formation activity
leads to dust production, so that the mass-to-light ratio of
a more recently born SSP will be reduced by dust attenua-
tion both at the stellar photosphere and in the interstellar
medium. It is commonly accepted that the bulk stellar popu-
lation of giant elliptical and lenticular galaxies is older than
those of spiral and Im/BCD galaxies, i.e. that the former
have transformed gas into stars much faster than the latter
(e.g. Renzini 1998). An analogous trend of decreasing ages of
the characteristic stellar population with later Hubble type
is suggested for the late-type galaxies (e.g. Sandage 1986;
Kennicutt, Tamblyn & Congdon 1994; Gavazzi & Scodeg-
gio 1996; Boselli et al. 2001). If these considerations apply,
we expect that the early-type galaxies have higher stellar
mass-to-light ratios than later ones, where star formation
is still going on, under the assumptions that galaxies of all
morphological types have the same age and the same ini-
tial mass function. In particular, the stellar mass-to-near-IR
light ratios of nearby early- and late-type galaxies will not
differ much if the peak of star formation activity took place
more than 3 Gyrs ago for all of them. By contrast, the stellar
mass-to-optical light ratios of early- and late-type galaxies
may still differ by a maximum factor of ∼ 7 (Maraston 1998),
if this peak took place not less than 3 Gyrs ago for all of
them.
We observe that the dynamical mass-to-near-IR light
ratio of elliptical and lenticular galaxies is lower than that
of spiral of the same dynamical mass. From the previous con-
siderations, we conclude that the dynamical-to-stellar mass
ratio of the former galaxies is lower than that of the lat-
ter, if the peak of the star formation activity took place
more than 3 Gyrs ago for all of them. Extending the same
conclusion to Im and BCD galaxies is dangerous, since the
near-IR luminosity may be seriously contaminated by emis-
sion from younger stellar populations. Since BBFN observe
that the dynamical mass-to-optical light ratio of elliptical
and lenticular galaxies is higher than that of spiral galax-
ies of the same dynamical mass, this behaviour is consistent
with the previous conclusion if the difference in the stellar
mass-to-optical light ratio, due to the different star forma-
tion histories of these two classes of stellar systems, is larger
than the difference in the dynamical-to-stellar mass ratio.
Finally, we note that the optical and near-IR Funda-
mental Plane relations should be analogous if the peak of
star formation took place more than 3 Gyrs ago for all the
elliptical and lenticular galaxies, but for a color term, when
the differential effects of diffuse dust on the photometric pa-
rameters are taken into account. Whether this color term
is not or is constant, it depends on the existence of the
color-magnitude relation or not (Scodeggio 2001 and ref-
erences therein). The answer to this question would help
understanding whether the Fundamental Plane relation (in
κ-space notation) is (mainly) due to the increase either of
the dynamical-to-stellar mass ratio or of the stellar mass-to-
light ratio with dynamical mass.
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FIGURE CAPTIONS
Fig. 1: The three-dimensional fold-out of the κ–space,
where κ1 ∝ log M , κ2 ∝ log I3e ×M/L and κ3 ∝ log M/L.
Here, we represent elliptical (E) and S0 galaxies with filled
circles, S0a galaxies with asterisks and Sa – Im/BCD galax-
ies with empty circles. In each panel, we represent charac-
teristic observational errors (crosses) and the expected in-
crease of the three κ-coordinates of E and S0 galaxies when
the kinetic energy of these stellar systems is not negligible.
Late-type galaxies have higher values of M/L than earlier
ones of the same mass, contrary to what found by BBFN in
the optical.
Fig. 2: The three-dimensional fold-out of the κ–space
for different groups of morphological types is reproduced.
In particular, we represent: E, S0 and S0a galaxies with
filled circles, empty squares and asterisks, respectively (a);
Sa+Sab and Sb galaxies with broad crosses and empty
hexagons, respectively (b); Sbc and Sc galaxies with filled
triangles and empty circles, respectively (c); Scd, Sd and
irregular/BCD galaxies with empty pentagons, stars and
crosses, respectively, and generic peculiar and irregular
galaxies with broad triangles (d). In each panel, we rep-
resent characteristic observational errors with crosses and
we reproduce the Fundamental Plane relation (continuous
line in the κ1–κ3 plane), the borderline of the “Zone of Ex-
clusion” (short-dashed line in the κ1–κ2 plane) and the dis-
tribution of the E+S0 galaxies, within ±1σ from the mean,
in the κ2–κ3 plane. For E and S0 galaxies, we represent
also the expected increase of the three κ-coordinates when
the kinetic energy of these stellar systems is not negligible.
Galaxies of later Hubble type march farther away from the
“Zone of Exclusion”, while spiral and irregular/BCD galax-
ies have higher mean effective dynamical mass-to-near-IR
c© ... RAS, MNRAS 000, 1–11
1.65 µm (H-band) surface photometry of galaxies. VIII:the near-IR κ-space at z=0 11
light ratios than E+S0+S0a galaxies.
Fig. 3: The galaxy distribution in the re–µe plane, accord-
ing to the decomposition of their radial light profiles or mor-
phology. Here, we represent: pure de Vaucouleurs systems
with filled hexagons (a); E and S0 galaxies with filled circles
and empty squares, respectively (b); pure exponential disk-
systems and truncated-disk systems with empty triangles
(c); de Vaucouleurs/exponential bulge+disk systems with
filled squares (d). In each panel, the short-dashed line re-
produces the Kormendy relation (Equ. 15) for the de Vau-
couleurs systems. E+S0 galaxies follow this relation, what-
ever their profile decompositions are. Conversely, pure ex-
ponential disk-systems and truncated-disk systems do not
populate the region of the re–µe plane beyond this line.
Bulge+disk systems populate the region of the re–µe plane
immediately below this line.
This paper has been produced using the Royal Astronomical
Society/Blackwell Science LATEX style file.
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Table 1. Galaxy parameters
Denomination type a b Dist. log V 
e
log r
e

1

2

3
CGGC / VCC
0 0
Mp km s
 1
mag arse
 2
kp
CGCG 119024 1 1.74 0.87 62.6 2.50 16.74 0.45 3.64 4.40 0.57
CGCG 119027 3 0.83 0.67 62.6 2.18 18.96 0.46 3.20 3.42 0.71
CGCG 119028 13 0.97 0.47 28.4 1.98 20.79 0.26 2.77 2.73 1.01
CGCG 119029 6 2.01 1.56 48.0 2.29 18.94 0.79 3.58 3.38 0.64
CGCG 119031 1 1.61 0.89 62.6 2.43 17.51 0.64 3.67 4.01 0.55
CGCG 119035 6 1.35 0.38 28.4 1.88 19.89 0.17 2.57 2.99 0.75
CGCG 119044 13 0.93 0.41 48.0 1.90 21.01 0.40 2.76 2.54 0.90
CGCG 119045 1 0.87 0.44 62.6 2.36 16.04 0.04 3.15 4.68 0.47
CGCG 119046 7 1.85 1.19 48.0 2.17 19.08 0.49 3.20 3.35 0.70
CGCG 119048 1 1.45 1.32 62.6 2.40 16.60 0.52 3.55 4.34 0.38
CGCG 119050 4 1.78 1.18 62.6 2.42 17.80 0.60 3.63 3.93 0.63
CGCG 119051 5 0.79 0.54 62.6 2.18 20.13 0.58 3.28 2.98 0.90
CGCG 119053 2 0.63 0.50 62.6 2.16 17.96 0.13 2.94 3.86 0.64
CGCG 119055 13 2.97 0.50 62.6 2.37 18.03 0.42 3.43 3.89 0.73
CGCG 119058 1 1.71 0.46 62.6 2.48 16.61 0.54 3.68 4.39 0.46
CGCG 119059 7 0.72 0.29 62.6 2.07 19.53 0.34 2.97 3.19 0.79
CGCG 119063 2 1.09 0.75 62.6 2.64 16.96 0.35 3.78 4.49 0.84
CGCG 119065 0 2.60 2.21 62.6 2.57 18.39 0.84 4.02 3.76 0.80
CGCG 119066 5 1.06 0.75 56.4 2.20 18.46 0.37 3.15 3.63 0.66
CGCG 119067 0 0.92 0.47 62.6 2.34 17.43 0.51 3.47 4.02 0.51
CGCG 119068 3 0.99 0.73 84.4 2.34 17.78 0.36 3.36 3.97 0.68
CGCG 119069 0 0.20 0.20 62.6 2.26 16.90 0.08 3.04 4.31 0.54
CGCG 119070 7 1.28 0.42 48.0 1.99 20.80 0.41 2.89 2.68 0.94
CGCG 119071 4 0.95 0.83 84.4 2.17 18.78 0.56 3.26 3.43 0.60
CGCG 119072 0 0.93 0.93 84.4 2.30 17.12 0.46 3.37 4.11 0.42
CGCG 119077 1 0.72 0.36 62.6 2.30 16.18 0.10 3.12 4.57 0.41
CGCG 119078 7 2.41 1.67 28.4 2.29 18.66 0.54 3.41 3.57 0.72
CGCG 119080W 13 0.75 0.61 62.6 2.40 18.13 0.30 3.40 3.93 0.86
CGCG 119080E 13 1.40 0.54 62.6 2.14 18.52 0.53 3.19 3.50 0.52
CGCG 119081 1 1.68 0.78 62.6 2.29 17.34 0.61 3.46 3.97 0.37
CGCG 119083 5 2.67 0.55 62.6 2.38 18.18 0.73 3.67 3.72 0.60
CGCG 119085 3 0.84 0.41 84.4 2.23 17.69 0.25 3.12 3.96 0.60
CGCG 119092 12 1.33 0.42 62.6 2.10 19.39 0.46 3.08 3.20 0.71
CGCG 119093 7 1.25 0.25 62.6 2.06 20.27 0.35 2.95 2.93 0.93
CGCG 119096 7 1.28 0.34 113.2 2.29 19.08 0.78 3.59 3.34 0.68
CGCG 119098 1 0.30 0.30 73.8 2.23 17.43 0.25 3.11 4.04 0.53
CGCG 119101 1 0.74 0.37 62.6 2.09 16.11 0.16 2.86 4.40 0.12
CGCG 97005 7 0.90 0.48 81.6 2.18 19.15 0.51 3.23 3.33 0.72
CGCG 97021 0 0.60 0.60 88.6 2.25 16.55 0.41 3.26 4.28 0.26
CGCG 127001 0 0.40 0.40 94.3 2.39 16.69 0.33 3.41 4.38 0.50
CGCG 97023 1 0.73 0.71 84.4 2.31 16.92 0.28 3.25 4.26 0.48
CGCG 97026 13 0.79 0.49 82.7 2.32 17.39 0.39 3.35 4.07 0.55
CGCG 97027 7 0.95 0.63 88.4 2.25 18.77 0.57 3.38 3.49 0.68
CGCG 127005 6 0.98 0.59 91.5 2.24 19.23 0.67 3.43 3.29 0.72
CGCG 127023 0 0.70 0.70 89.1 2.38 16.96 0.40 3.44 4.26 0.51
CGCG 157012 6 0.83 0.70 90.9 2.21 19.15 0.58 3.33 3.33 0.71
CGCG 127025S 6 1.39 0.87 94.4 2.23 18.07 0.62 3.38 3.68 0.46
CGCG 127024 1 1.40 1.10 86.3 2.47 16.04 0.62 3.72 4.54 0.28
CGCG 97055 0 0.40 0.30 86.6 2.43 16.65 0.36 3.49 4.41 0.52
CGCG 97061 1 0.30 0.30 93.3 2.16 17.12 0.32 3.07 4.06 0.34
CGCG 97063 13 0.58 0.34 86.6 1.97 18.78 0.28 2.78 3.38 0.53
CGCG 97062 13 1.01 0.40 86.6 2.15 19.16 0.43 3.13 3.34 0.73
CGCG 97068 6 1.23 0.76 86.6 2.33 17.16 0.43 3.39 4.14 0.49
CGCG 127033 7 1.30 0.67 84.0 2.32 19.34 0.77 3.62 3.28 0.78
CGCG 97072 3 1.21 0.54 86.6 2.22 18.48 0.62 3.37 3.54 0.55
Table 1. (ontinue)
Denomination type a b Dist. log V 
e
log r
e

1

2

3
CGGC / VCC
0 0
Mp km s
 1
mag arse
 2
kp
CGCG 97074 0 0.75 0.30 86.6 2.38 16.78 0.27 3.34 4.36 0.54
CGCG 127035 3 1.20 0.30 90.9 2.36 18.36 0.60 3.55 3.70 0.69
CGCG 97079 13 0.75 0.45 86.6 2.20 19.50 0.59 3.32 3.20 0.78
CGCG 127037 13 0.80 0.45 82.5 2.10 19.57 0.46 3.09 3.15 0.76
CGCG 127040 1 0.60 0.20 86.6 2.36 16.62 0.37 3.38 4.36 0.42
CGCG 127038 7 1.91 1.55 92.2 2.14 19.24 1.02 3.53 3.06 0.40
CGCG 97084 1 0.50 0.30 86.6 2.48 16.73 0.40 3.58 4.42 0.58
CGCG 97087 13 2.00 0.50 86.6 2.48 17.47 0.66 3.77 4.06 0.59
CGCG 97088 1 0.82 0.40 86.6 2.33 16.96 0.33 3.31 4.24 0.49
CGCG 97090 1 0.62 0.45 86.6 2.39 16.44 0.21 3.32 4.51 0.51
CGCG 97089 0 0.80 0.70 86.6 2.65 16.06 0.42 3.83 4.76 0.60
CGCG 97091 3 1.12 0.81 86.6 2.25 18.32 0.64 3.42 3.60 0.53
CGCG 97096 0 0.88 0.78 86.6 2.47 17.10 0.48 3.62 4.25 0.60
CGCG 97095 0 1.95 1.59 86.6 2.63 17.21 0.84 4.11 4.20 0.60
CGCG 97100 1 0.88 0.57 86.6 2.40 17.30 0.52 3.55 4.11 0.54
CGCG 97102N 3 1.08 0.65 86.6 2.29 18.32 0.58 3.44 3.67 0.62
CGCG 97106 1 0.40 0.20 86.6 2.53 16.26 0.28 3.56 4.65 0.59
CGCG 97112 1 0.60 0.20 86.6 2.29 15.67 0.19 3.16 4.69 0.22
CGCG 97121 4 1.23 0.83 86.6 2.43 17.97 0.66 3.69 3.86 0.64
CGCG 97117 1 0.90 0.50 86.6 2.48 17.23 0.55 3.68 4.19 0.60
CGCG 97122 13 1.45 0.47 86.6 2.34 18.06 0.58 3.51 3.78 0.61
CGCG 97124 0 0.20 0.20 86.6 2.36 16.90 0.32 3.35 4.29 0.52
CGCG 97125 2 0.84 0.59 86.6 2.45 17.84 0.44 3.56 4.01 0.77
CGCG 97127 0 1.62 1.58 86.6 2.56 16.80 0.61 3.84 4.37 0.56
CGCG 97131 0 0.33 0.27 86.6 2.41 17.14 0.45 3.51 4.20 0.56
CGCG 97134 1 1.31 0.44 86.6 2.50 18.32 1.13 4.13 3.61 0.54
CGCG 97135 1 0.73 0.49 86.6 2.47 16.52 0.45 3.60 4.46 0.49
CGCG 127048 0 0.50 0.50 90.9 2.60 15.90 0.27 3.66 4.84 0.60
CGCG 97136 0 0.30 0.30 83.2 2.36 16.66 0.27 3.32 4.39 0.49
CGCG 97137 0 0.90 0.80 86.6 2.53 16.70 0.56 3.76 4.40 0.53
CGCG 127049 13 1.04 0.45 86.6 2.20 18.78 0.56 3.30 3.45 0.63
CGCG 97143 0 0.30 0.20 86.6 2.04 16.70 0.31 2.89 4.10 0.11
CGCG 127052 3 1.70 1.26 86.6 2.53 18.32 0.94 4.03 3.71 0.68
CGCG 127053 6 1.40 0.50 85.5 2.21 20.27 0.99 3.62 2.80 0.74
CGCG 97147 0 1.20 0.80 86.6 2.55 16.90 0.78 3.94 4.26 0.47
CGCG 97152 3 1.20 0.38 86.6 2.29 18.61 0.53 3.41 3.59 0.72
CGCG 97155 0 0.50 0.40 86.6 2.28 16.35 0.34 3.25 4.40 0.29
CGCG 157035 5 2.12 1.57 83.7 2.52 17.33 0.61 3.78 4.16 0.63
CGCG 127056 5 0.95 0.32 91.1 2.27 17.87 0.56 3.40 3.81 0.51
CGCG 157037 0 0.40 0.40 89.5 2.23 17.15 0.45 3.26 4.05 0.36
CGCG 127061 7 1.20 1.02 79.4 2.29 19.42 0.50 3.39 3.34 0.92
CGCG 97161 0 0.90 0.90 83.3 2.60 16.38 0.50 3.81 4.58 0.57
CGCG 157042 0 0.50 0.40 89.8 2.39 16.88 0.49 3.52 4.26 0.45
CGCG 127071 13 0.76 0.46 90.9 2.00 18.91 0.49 2.96 3.27 0.46
CGCG 127072 7 1.27 1.08 90.9 2.40 18.76 0.79 3.74 3.52 0.72
CGCG 157044 13 0.70 0.30 88.1 2.53 19.66 0.60 3.79 3.42 1.19
CGCG 127077 1 0.80 0.50 94.1 2.35 18.50 0.81 3.69 3.56 0.59
CGCG 97169 7 1.00 0.20 79.7 2.24 19.24 0.50 3.31 3.36 0.82
CGCG 127082 7 0.83 0.68 90.9 2.33 18.59 0.75 3.61 3.54 0.63
CGCG 127088 0 1.82 1.59 90.9 2.64 16.73 0.68 4.00 4.43 0.59
CGCG 127089 0 1.30 1.20 90.9 2.46 17.29 0.75 3.80 4.07 0.48
CGCG 127092 0 0.50 0.50 90.9 2.32 17.86 0.58 3.48 3.84 0.54
CGCG 127094 2 0.80 0.50 99.0 2.29 17.89 0.55 3.42 3.82 0.54
CGCG 127099 7 1.34 0.67 86.0 2.35 17.79 0.59 3.53 3.88 0.55
CGCG 98002 5 0.91 0.37 82.7 2.10 19.85 0.56 3.15 3.02 0.76
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CGCG 98007 6 0.90 0.38 84.6 2.23 19.24 0.62 3.38 3.30 0.74
CGCG 157061 0 0.50 0.40 87.1 2.41 15.86 0.27 3.38 4.69 0.36
CGCG 157062 13 1.10 0.26 91.8 1.92 20.57 0.27 2.69 2.75 0.88
CGCG 157064 5 1.41 0.95 85.4 1.77 19.87 0.82 2.87 2.64 0.24
CGCG 127115 1 1.50 1.10 85.8 2.59 16.97 0.64 3.91 4.32 0.61
CGCG 127116 1 0.70 0.40 88.8 2.43 16.58 0.59 3.64 4.35 0.37
CGCG 98013 7 0.89 0.49 92.7 2.28 18.63 0.64 3.47 3.53 0.65
CGCG 127126 0 0.70 0.50 86.6 2.36 17.49 0.55 3.52 4.00 0.52
CGCG 98016 7 1.38 0.43 86.0 2.21 19.57 0.67 3.39 3.16 0.76
CGCG 157075 7 1.00 0.69 89.3 1.52 20.17 0.72 2.45 2.37 0.07
CGCG 127130 0 0.50 0.50 99.8 2.46 16.99 0.57 3.67 4.24 0.51
CGCG 98017 6 1.00 0.20 93.5 2.17 19.79 0.58 3.27 3.09 0.82
CGCG 127135 2 0.60 0.35 92.1 2.11 18.19 0.55 3.17 3.58 0.40
CGCG 127141 0 0.40 0.30 89.3 2.42 16.72 0.41 3.50 4.36 0.49
CGCG 128003 13 0.97 0.72 85.8 2.37 18.80 0.62 3.58 3.56 0.80
CGCG 98040 1 1.20 0.91 92.1 2.81 16.44 0.55 4.15 4.72 0.80
CGCG 98042 0 1.82 1.48 92.1 2.55 16.66 0.65 3.85 4.39 0.49
CGCG 98041 7 1.37 0.22 92.1 2.37 18.85 0.58 3.54 3.56 0.83
CGCG 128009 0 1.20 1.20 92.1 2.23 16.52 0.56 3.34 4.21 0.14
CGCG 98046 3 1.14 0.99 92.1 2.54 17.95 0.71 3.89 3.94 0.75
CGCG 158010 6 0.80 0.40 105.7 2.31 17.95 0.57 3.46 3.81 0.57
CGCG 98048 0 0.30 0.30 92.6 2.26 16.69 0.28 3.19 4.29 0.38
CGCG 128021 6 1.20 0.20 94.2 2.36 18.25 0.56 3.52 3.75 0.69
CGCG 98058 6 1.36 0.73 96.1 2.46 18.00 0.70 3.76 3.86 0.67
CGCG 128034 0 0.87 0.83 90.9 2.43 16.13 0.39 3.50 4.57 0.38
CGCG 128037 6 0.88 0.61 90.9 2.33 17.64 0.51 3.45 3.95 0.55
CGCG 158038 4 0.92 0.54 89.7 2.31 18.15 0.52 3.43 3.77 0.64
CGCG 98085 7 0.91 0.76 93.9 2.32 18.02 0.42 3.36 3.85 0.67
CGCG 128053 6 1.56 0.49 97.4 2.25 18.88 0.65 3.43 3.42 0.67
CGCG 128054 0 1.00 0.80 96.3 2.53 17.45 0.75 3.90 4.08 0.60
CGCG 128059 5 1.00 0.65 89.8 2.28 17.94 0.47 3.35 3.83 0.58
CGCG 98116 7 1.04 0.79 83.1 2.15 18.25 0.44 3.14 3.63 0.52
CGCG 128063 3 2.12 0.85 90.0 2.38 17.84 0.56 3.54 3.90 0.62
CGCG 158053N 3 1.49 1.06 88.0 2.59 17.00 0.47 3.78 4.39 0.72
CGCG 128065 0 1.70 1.70 89.8 2.56 17.07 0.70 3.90 4.24 0.56
CGCG 128069 6 0.70 0.46 89.8 1.85 19.10 0.60 2.83 3.04 0.28
CGCG 128073 5 1.53 0.77 92.7 2.23 18.79 0.72 3.45 3.41 0.58
CGCG 158070 6 1.06 0.68 101.8 2.34 19.11 0.78 3.65 3.37 0.75
CGCG 158097 1 0.60 0.30 98.0 2.24 17.29 0.53 3.33 3.98 0.35
CGCG 128087 7 1.10 0.28 88.9 2.31 18.98 0.67 3.53 3.42 0.73
CGCG 158105 6 1.20 0.57 91.0 2.33 18.33 0.61 3.52 3.69 0.66
CGCG 158107 1 0.30 0.30 99.5 2.44 16.93 0.46 3.57 4.29 0.54
CGCG 158106 0 0.40 0.30 92.5 2.48 15.55 0.14 3.39 4.90 0.44
CGCG 128091 1 0.50 0.30 88.5 2.50 16.07 0.29 3.53 4.69 0.50
CGCG 159005 6 1.27 0.73 93.3 2.24 18.65 0.82 3.54 3.42 0.50
CGCG 159008 5 1.70 1.02 98.5 2.36 18.96 0.85 3.73 3.41 0.70
CGCG 159010 5 1.30 0.33 93.5 2.25 18.81 0.67 3.45 3.44 0.64
CGCG 129009 3 0.90 0.54 85.5 2.21 19.03 0.65 3.38 3.34 0.65
CGCG 159021 0 1.40 1.10 89.3 2.68 16.31 0.67 4.05 4.60 0.55
CGCG 159022 0 1.20 1.00 102.6 2.52 17.01 0.69 3.84 4.23 0.51
CGCG 159031 3 1.30 0.59 100.1 2.28 17.40 0.38 3.29 4.04 0.52
CGCG 159033 3 1.52 0.49 102.3 2.39 18.06 0.57 3.57 3.83 0.68
CGCG 159037 4 0.86 0.58 97.3 2.31 18.57 0.73 3.58 3.54 0.61
CGCG 159041 0 0.70 0.58 86.8 2.44 16.37 0.23 3.40 4.57 0.54
CGCG 159043 0 0.78 0.57 89.3 2.57 15.94 0.26 3.60 4.80 0.57
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CGCG 159046 1 1.03 0.84 92.8 2.38 16.58 0.33 3.39 4.41 0.47
CGCG 159055 6 1.40 0.31 103.2 2.19 19.70 0.63 3.33 3.11 0.80
CGCG 159057 1 0.80 0.64 87.0 2.22 17.85 0.55 3.32 3.77 0.44
CGCG 159058 3 0.90 0.44 90.6 2.30 17.39 0.60 3.46 3.97 0.40
CGCG 159059 4 0.85 0.62 100.4 2.29 19.10 0.67 3.50 3.37 0.74
CGCG 159063 1 0.65 0.62 100.6 2.34 16.87 0.35 3.34 4.27 0.46
CGCG 100005 13 1.34 0.54 88.1 2.43 17.35 0.45 3.54 4.15 0.63
CGCG 159070 1 1.28 1.04 93.2 2.50 15.96 0.50 3.67 4.63 0.35
CGCG 100006 1 0.40 0.30 90.3 2.25 17.39 0.45 3.29 3.99 0.43
CGCG 159075 2 0.87 0.52 88.1 2.28 16.77 0.41 3.31 4.24 0.35
CGCG 159080 5 1.00 0.37 94.6 2.24 18.49 0.66 3.43 3.54 0.56
CGCG 159082 7 1.11 0.72 107.7 2.29 19.08 0.85 3.63 3.31 0.64
CGCG 159083 0 1.20 0.76 99.1 2.47 16.39 0.47 3.62 4.49 0.44
CGCG 159085 1 1.82 1.38 92.0 2.50 18.39 0.89 3.95 3.69 0.70
CGCG 159089 1 1.04 0.81 98.8 2.40 17.31 0.56 3.57 4.09 0.52
CGCG 159090 7 0.81 0.58 110.9 1.89 19.21 0.74 2.99 2.99 0.27
CGCG 159095 6 0.67 0.51 91.2 2.18 17.79 0.52 3.25 3.77 0.40
CGCG 159096 7 1.67 0.62 82.5 2.20 20.18 0.77 3.44 2.91 0.84
CGCG 159100 0 1.00 0.62 84.9 2.44 16.71 0.42 3.54 4.38 0.51
CGCG 159101 13 0.44 0.36 92.0 2.12 18.63 0.28 2.99 3.55 0.67
CGCG 160001 5 0.80 0.42 92.0 2.25 18.87 0.58 3.38 3.46 0.70
CGCG 159105 0 1.12 0.91 93.4 2.47 17.20 0.53 3.66 4.20 0.59
CGCG 160005 5 1.87 0.43 84.2 2.42 17.99 0.71 3.71 3.83 0.61
CGCG 160008 1 1.94 1.44 92.0 2.58 17.21 0.87 4.04 4.14 0.52
CGCG 160013 1 1.61 1.25 92.0 2.38 17.01 0.64 3.60 4.14 0.38
CGCG 160017 0 0.99 0.70 92.0 2.51 16.99 0.60 3.75 4.27 0.55
CGCG 160019 1 1.16 0.67 92.0 2.58 15.92 0.33 3.67 4.79 0.54
CGCG 160021 1 2.04 1.41 92.0 2.50 17.95 0.90 3.96 3.83 0.59
CGCG 160022 1 0.98 0.63 92.0 2.58 17.19 0.68 3.92 4.23 0.63
CGCG 160023 0 0.65 0.59 92.0 2.42 16.62 0.34 3.44 4.42 0.51
CGCG 160024 0 0.77 0.51 92.0 2.38 16.74 0.38 3.42 4.33 0.47
CGCG 160026 7 0.85 0.55 92.0 2.24 20.00 0.77 3.50 3.00 0.84
CGCG 160027 0 0.73 0.64 92.0 2.40 16.80 0.31 3.40 4.36 0.55
CGCG 160028 1 1.50 1.16 92.0 2.61 17.21 0.72 3.99 4.23 0.65
CGCG 160033 0 0.91 0.64 92.0 2.08 17.67 0.42 3.03 3.77 0.31
CGCG 160037 1 0.61 0.58 92.0 2.53 16.23 0.26 3.54 4.67 0.59
CGCG 160039 0 3.56 1.55 92.0 2.54 18.11 1.10 4.16 3.72 0.55
CGCG 160041 2 1.17 0.41 92.0 2.24 18.13 0.52 3.33 3.71 0.55
CGCG 160042 0 0.95 0.85 92.0 2.53 16.59 0.50 3.72 4.46 0.54
CGCG 160044 0 1.59 1.55 92.0 2.57 17.34 0.84 4.02 4.11 0.56
CGCG 160049 1 0.59 0.47 92.0 2.40 16.75 0.23 3.35 4.41 0.58
CGCG 160058 6 1.24 0.42 92.0 2.15 18.75 0.62 3.27 3.39 0.53
CGCG 160056S 1 1.60 1.36 92.0 2.48 17.13 0.71 3.80 4.15 0.48
CGCG 160062 0 0.85 0.49 92.0 2.26 18.63 0.99 3.68 3.37 0.41
CGCG 160063 1 0.79 0.61 92.0 2.39 16.04 0.19 3.30 4.65 0.43
CGCG 160065 0 0.90 0.82 92.0 2.42 16.77 0.40 3.50 4.35 0.52
CGCG 160070 1 1.26 0.78 92.0 2.39 18.00 0.69 3.65 3.81 0.60
CGCG 160071 1 1.51 0.89 92.0 2.49 16.61 0.43 3.61 4.44 0.53
CGCG 160215 0 0.96 0.80 92.0 2.55 16.76 0.52 3.77 4.41 0.59
CGCG 160217 0 0.74 0.64 92.0 2.32 16.31 0.16 3.18 4.52 0.43
CGCG 160218 0 0.57 0.47 92.0 2.44 16.21 0.26 3.42 4.61 0.49
CGCG 160219 1 0.58 0.48 92.0 2.39 16.20 0.21 3.32 4.59 0.46
CGCG 160220 1 0.72 0.60 92.0 2.26 17.52 0.46 3.31 3.95 0.47
CGCG 160221 0 1.51 0.81 92.0 2.43 17.02 0.52 3.60 4.23 0.51
CGCG 160222 0 0.64 0.43 92.0 2.49 16.01 0.18 3.44 4.75 0.55
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CGCG 160224 0 1.02 0.57 92.0 2.52 16.61 0.61 3.78 4.40 0.47
CGCG 160225 0 1.04 0.90 92.0 2.45 16.65 0.46 3.58 4.38 0.48
CGCG 160227 1 0.65 0.57 92.0 2.38 17.23 0.54 3.53 4.10 0.48
CGCG 160228 1 0.89 0.50 92.0 2.47 16.20 0.31 3.49 4.61 0.49
CGCG 160229 1 0.57 0.49 92.0 2.33 17.91 0.74 3.60 3.76 0.47
CGCG 160230 1 0.52 0.42 92.0 2.47 16.10 0.18 3.41 4.70 0.54
CGCG 160231 0 2.27 1.93 92.0 2.46 18.38 1.19 4.11 3.53 0.47
CGCG 160079 2 0.98 0.38 92.0 2.36 16.74 0.46 3.45 4.28 0.40
CGCG 160234 0 0.61 0.52 92.0 2.41 16.47 0.28 3.40 4.49 0.50
CGCG 160235 2 0.60 0.30 92.0 2.25 16.85 0.25 3.15 4.24 0.42
CGCG 160237 1 0.61 0.57 92.0 2.38 16.53 0.32 3.39 4.43 0.46
CGCG 160238 0 1.17 1.04 92.0 2.46 17.06 0.54 3.65 4.23 0.55
CGCG 160239 0 0.54 0.50 92.0 2.32 18.35 0.76 3.60 3.61 0.55
CGCG 160241 0 3.30 2.23 92.0 2.80 16.35 0.78 4.30 4.64 0.63
CGCG 160242 0 0.40 0.30 92.0 2.17 17.16 0.25 3.03 4.07 0.39
CGCG 160244 0 0.54 0.41 92.0 2.40 15.73 0.06 3.23 4.81 0.45
CGCG 160246 0 0.58 0.43 92.0 2.35 16.24 0.15 3.21 4.56 0.45
CGCG 160247 1 0.50 0.20 92.0 2.11 17.34 0.36 3.03 3.92 0.31
CGCG 160248 0 0.85 0.62 92.0 2.46 17.86 0.71 3.76 3.90 0.62
CGCG 160249 1 2.00 0.66 92.0 2.48 18.41 1.21 4.15 3.53 0.49
CGCG 160250 1 0.82 0.49 92.0 2.30 17.78 0.53 3.41 3.86 0.52
CGCG 160086 13 0.75 0.54 92.0 1.98 19.24 0.46 2.91 3.16 0.54
CGCG 160251 2 0.60 0.20 92.0 2.11 17.18 0.44 3.08 3.94 0.22
CGCG 160252 13 0.85 0.36 92.0 2.33 17.91 0.33 3.31 3.93 0.71
CGCG 160088 5 1.12 0.64 92.0 2.37 18.78 0.88 3.76 3.45 0.64
CGCG 160253 0 0.72 0.57 92.0 2.37 17.11 0.47 3.47 4.17 0.49
CGCG 160254 0 0.70 0.48 92.0 2.21 17.14 0.34 3.16 4.08 0.39
CGCG 160255 1 0.65 0.64 92.0 2.36 17.08 0.47 3.46 4.17 0.47
CGCG 160256 0 0.84 0.64 92.0 2.48 15.99 0.25 3.47 4.71 0.48
CGCG 160258 0 0.92 0.68 92.0 2.46 17.10 0.63 3.72 4.18 0.50
CGCG 160259 0 1.49 0.98 92.0 2.49 17.19 0.60 3.74 4.19 0.58
CGCG 160091 1 0.97 0.50 92.0 2.46 16.45 0.38 3.53 4.49 0.49
CGCG 160092 0 0.40 0.40 92.0 2.35 17.78 0.46 3.43 3.94 0.63
CGCG 160097 1 1.15 0.83 92.0 2.44 16.70 0.45 3.56 4.37 0.49
CGCG 160099 1 1.32 0.65 92.0 2.54 17.40 0.87 4.00 4.05 0.53
CGCG 160102 4 1.78 0.60 92.0 2.40 18.40 0.65 3.64 3.70 0.72
CGCG 160100 0 0.72 0.67 92.0 2.43 16.52 0.21 3.38 4.52 0.58
CGCG 160103 0 1.31 0.99 92.0 2.57 16.72 0.59 3.84 4.41 0.56
CGCG 160105 1 1.07 0.74 92.0 2.60 16.93 0.63 3.91 4.35 0.62
CGCG 160106 13 0.89 0.54 92.0 2.29 17.98 0.42 3.33 3.84 0.63
CGCG 160113 0 0.96 0.80 92.0 2.43 17.55 0.60 3.65 4.02 0.59
CGCG 160118 1 1.76 0.65 92.0 2.46 17.17 0.86 3.88 4.06 0.38
CGCG 160121 5 1.40 0.44 92.0 2.28 18.38 0.52 3.39 3.67 0.66
CGCG 160124 1 2.32 0.84 92.0 2.45 16.64 0.69 3.74 4.29 0.34
CGCG 160123 0 0.82 0.59 92.0 2.40 16.82 0.35 3.43 4.34 0.53
CGCG 130005 6 0.76 0.50 93.9 2.00 18.27 0.57 3.03 3.45 0.28
CGCG 160127 7 0.95 0.64 92.0 2.07 19.92 0.68 3.19 2.92 0.67
CGCG 160130 0 1.70 1.32 92.0 2.53 16.98 0.62 3.81 4.28 0.56
CGCG 130008 7 0.57 0.49 96.9 2.30 17.87 0.58 3.46 3.82 0.53
CGCG 160137 3 1.33 0.68 92.0 2.39 17.38 0.59 3.58 4.05 0.51
CGCG 130009 6 1.44 0.87 84.5 2.19 18.87 0.86 3.49 3.29 0.46
CGCG 160145 0 0.96 0.55 103.1 2.52 16.66 0.34 3.59 4.49 0.63
CGCG 130012 6 1.83 0.43 95.1 2.44 17.90 0.70 3.73 3.87 0.63
CGCG 130014 6 0.92 0.70 94.7 2.24 18.31 0.66 3.42 3.59 0.50
CGCG 160156 3 1.56 0.94 96.8 2.34 18.11 0.77 3.65 3.70 0.52
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CGCG 160157 1 1.69 1.25 92.8 2.52 17.15 0.78 3.90 4.15 0.50
CGCG 160158 1 1.44 1.00 93.8 2.38 17.52 0.66 3.62 3.97 0.49
CGCG 130021 3 0.97 0.75 95.6 2.27 17.27 0.41 3.29 4.06 0.45
CGCG 160168 7 1.39 1.18 99.7 2.43 17.87 0.69 3.71 3.88 0.61
CGCG 130025 3 1.30 1.03 93.3 2.44 18.84 0.89 3.87 3.49 0.74
CGCG 130027 6 1.17 0.32 91.1 2.29 17.97 0.25 3.21 3.92 0.73
CGCG 160182 4 1.27 0.67 93.3 2.34 17.22 0.46 3.43 4.12 0.49
CGCG 130030 0 1.00 1.00 92.8 2.46 16.67 0.54 3.65 4.36 0.45
CGCG 160197 0 1.02 0.76 93.6 2.30 17.56 0.53 3.41 3.94 0.48
CGCG 160209 13 0.85 0.57 95.6 2.00 19.02 0.61 3.05 3.19 0.43
CGCG 101033 7 1.20 0.20 89.7 2.25 19.85 0.66 3.44 3.10 0.88
CGCG 161040 7 0.74 0.40 96.8 2.00 20.21 0.66 3.08 2.78 0.67
CGCG 101049 6 1.15 0.91 95.3 2.39 18.84 0.77 3.71 3.50 0.75
CGCG 131008 6 1.20 0.20 79.5 2.33 18.20 0.47 3.41 3.78 0.69
CGCG 161063 6 1.30 0.75 95.2 2.25 19.23 0.61 3.41 3.32 0.76
CGCG 161069 5 0.90 0.77 95.6 2.46 17.08 0.45 3.59 4.26 0.60
CGCG 161070 1 1.00 0.90 98.9 2.38 17.24 0.56 3.54 4.09 0.47
CGCG 161073 5 1.92 0.82 97.6 2.53 17.53 0.75 3.90 4.05 0.61
VCC 17 12 0.91 0.45 32.0 1.41 22.38 0.45 2.11 1.67 0.61
VCC 58 5 3.16 2.19 32.0 2.22 19.49 0.67 3.40 3.19 0.75
VCC 66 7 6.61 2.34 17.0 2.14 20.16 0.80 3.38 2.85 0.74
VCC 73 5 2.14 0.79 32.0 2.33 16.75 0.24 3.25 4.35 0.49
VCC 81 7 0.95 0.81 17.0 1.93 21.78 0.29 2.73 2.36 1.17
VCC 87 11 1.82 0.91 17.0 1.75 20.68 -0.13 2.17 2.74 0.94
VCC 92 5 12.02 3.24 17.0 2.37 18.36 0.87 3.75 3.60 0.55
VCC 120 8 4.47 0.81 32.0 2.13 19.25 0.54 3.18 3.25 0.67
VCC 122 1 2.14 1.07 32.0 2.05 18.73 0.62 3.13 3.32 0.41
VCC 145 7 6.31 1.07 17.0 2.13 19.55 0.52 3.17 3.16 0.75
VCC 166 1 2.69 0.72 32.0 2.33 16.43 0.44 3.40 4.37 0.31
VCC 220 1 3.39 1.07 32.0 2.46 16.49 0.34 3.51 4.50 0.53
VCC 318 8 2.14 1.26 32.0 2.01 20.74 0.32 2.85 2.75 1.00
VCC 345 0 4.90 3.63 32.0 2.66 16.77 0.72 4.06 4.42 0.61
VCC 355 1 2.09 1.82 17.0 2.42 14.74 -0.22 3.06 5.27 0.41
VCC 382 7 2.51 1.62 32.0 2.26 17.66 0.49 3.34 3.89 0.48
VCC 462 2 2.14 1.62 17.0 1.87 17.96 0.32 2.66 3.55 0.20
VCC 497 7 8.32 2.00 17.0 2.26 17.85 0.59 3.41 3.79 0.47
VCC 559 4 6.31 1.55 17.0 2.01 18.69 0.47 2.97 3.36 0.45
VCC 613 3 4.37 1.26 17.0 2.19 17.30 0.08 2.94 4.12 0.56
VCC 654 1 4.47 2.34 17.0 2.20 17.33 0.39 3.18 3.99 0.40
VCC 685 1 3.98 1.45 17.0 2.43 15.04 0.09 3.28 5.05 0.30
VCC 778 1 2.69 1.78 17.0 2.30 15.72 -0.10 2.97 4.80 0.42
VCC 784 1 2.69 2.00 17.0 2.00 16.08 -0.01 2.60 4.40 0.10
VCC 785 3 3.80 3.09 17.0 2.45 17.54 0.37 3.52 4.14 0.75
VCC 787 8 2.00 1.17 23.0 1.99 19.75 0.43 2.90 3.01 0.68
VCC 792 4 4.37 2.19 23.0 2.28 19.10 0.74 3.54 3.34 0.70
VCC 828 0 2.00 0.91 17.0 2.20 16.22 0.00 2.90 4.51 0.36
VCC 848 16 1.75 1.49 23.0 2.08 20.35 0.17 2.85 2.99 1.08
VCC 849 6 2.18 1.82 23.0 2.09 19.25 0.41 3.04 3.27 0.70
VCC 865 7 4.17 1.26 17.0 1.98 20.13 0.55 2.98 2.83 0.69
VCC 873 7 4.90 1.45 17.0 2.04 18.26 0.56 3.08 3.49 0.33
VCC 912 6 3.63 2.19 17.0 2.02 18.83 0.24 2.82 3.41 0.61
VCC 921 6 2.14 1.78 17.0 2.03 19.22 0.30 2.87 3.27 0.68
VCC 957 7 2.51 1.07 17.0 2.04 18.19 0.19 2.81 3.67 0.53
VCC 958 3 4.37 1.74 17.0 2.36 16.31 0.19 3.26 4.53 0.45
VCC 966 1 4.27 2.34 17.0 2.10 17.69 0.42 3.06 3.78 0.35
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VCC 971 9 3.80 0.54 23.0 1.91 20.38 0.38 2.76 2.76 0.76
VCC 1025 0 1.75 1.75 17.0 2.21 16.49 0.00 2.91 4.43 0.44
VCC 1030 1 3.63 3.09 17.0 2.38 16.22 0.38 3.42 4.50 0.34
VCC 1047 3 2.51 2.14 17.0 2.19 17.17 0.27 3.08 4.09 0.42
VCC 1126 7 3.63 1.45 17.0 2.00 18.29 0.30 2.83 3.55 0.44
VCC 1146 0 1.97 1.67 17.0 2.18 17.67 0.21 3.01 3.93 0.55
VCC 1154 1 4.17 3.24 17.0 2.40 16.16 0.33 3.41 4.56 0.39
VCC 1178 0 1.63 1.15 17.0 2.23 15.64 -0.26 2.76 4.83 0.41
VCC 1190 3 5.37 1.62 23.0 2.35 17.98 0.57 3.51 3.83 0.61
VCC 1196 2 1.94 1.17 17.0 2.03 18.10 0.10 2.73 3.72 0.54
VCC 1242 1 3.09 1.45 17.0 2.22 16.17 0.07 2.98 4.51 0.33
VCC 1250 1 2.14 1.07 17.0 2.06 16.00 -0.14 2.60 4.53 0.23
VCC 1279 0 2.14 1.62 17.0 2.31 15.55 -0.04 3.02 4.83 0.35
VCC 1290 5 2.51 1.35 17.0 2.25 18.69 0.29 3.18 3.63 0.83
VCC 1303 1 2.34 0.91 23.0 2.18 16.66 0.15 2.97 4.29 0.35
VCC 1316 0 11.00 11.00 17.0 2.67 15.85 0.46 3.89 4.83 0.56
VCC 1318 1 6.31 2.19 17.0 1.88 18.45 0.61 2.88 3.28 0.16
VCC 1321 1 2.00 1.74 17.0 1.94 17.20 0.06 2.58 3.96 0.26
VCC 1356 15 1.31 0.51 17.0 1.93 19.85 -0.22 2.36 3.19 1.01
VCC 1375 7 5.89 4.68 17.0 2.12 19.54 0.27 2.98 3.25 0.88
VCC 1379 7 3.55 1.91 17.0 2.04 19.35 0.51 3.04 3.15 0.61
VCC 1401 6 8.91 4.79 17.0 2.48 17.22 0.67 3.77 4.14 0.53
VCC 1410 11 1.69 0.90 17.0 2.00 19.64 0.01 2.63 3.23 0.91
VCC 1450 7 3.24 2.51 17.0 1.96 19.55 0.28 2.77 3.12 0.70
VCC 1475 0 1.63 1.15 17.0 2.11 16.17 -0.20 2.63 4.54 0.36
VCC 1508 7 4.47 3.24 17.0 2.10 19.44 0.47 3.09 3.19 0.72
VCC 1535 1 7.00 2.01 17.0 2.58 16.52 0.72 3.94 4.43 0.45
VCC 1537 1 2.14 0.89 17.0 2.18 15.73 -0.13 2.78 4.71 0.30
VCC 1615 5 7.41 6.17 17.0 2.28 18.11 0.78 3.56 3.64 0.44
VCC 1619 0 4.90 1.10 17.0 2.07 15.76 0.10 2.79 4.51 0.04
VCC 1630 0 2.51 2.00 17.0 2.20 16.48 0.07 2.95 4.40 0.38
VCC 1632 1 8.91 8.91 17.0 2.58 15.64 0.26 3.62 4.90 0.51
VCC 1664 0 5.37 1.62 17.0 2.35 15.53 0.15 3.22 4.80 0.29
VCC 1690 4 13.18 6.61 17.0 2.37 17.59 0.77 3.68 3.89 0.43
VCC 1699 11 1.75 0.94 17.0 1.76 20.61 0.17 2.39 2.65 0.77
VCC 1720 1 4.68 3.24 17.0 2.25 17.38 0.34 3.21 4.04 0.50
VCC 1725 15 1.75 1.10 17.0 1.72 20.87 0.38 2.49 2.44 0.66
VCC 1726 10 1.85 1.44 17.0 1.76 22.36 0.43 2.58 1.97 1.03
VCC 1727 4 7.76 6.03 17.0 2.45 17.23 0.64 3.71 4.13 0.52
VCC 1758 7 2.14 0.35 17.0 1.91 19.93 0.13 2.58 3.01 0.81
VCC 1760 3 5.37 1.45 17.0 2.10 18.67 0.48 3.09 3.44 0.54
VCC 1789 12 1.31 0.73 17.0 1.73 19.99 -0.07 2.19 2.93 0.74
VCC 1791 15 1.85 0.92 17.0 1.79 21.77 0.49 2.67 2.17 0.89
VCC 1811 7 2.69 1.78 17.0 1.96 18.64 0.18 2.69 3.46 0.54
VCC 1813 3 5.89 5.01 17.0 2.31 17.03 0.60 3.48 4.10 0.34
VCC 1827 1 1.85 1.22 17.0 2.11 18.41 0.26 2.96 3.62 0.62
VCC 1869 1 4.30 3.42 17.0 2.35 18.38 0.69 3.60 3.64 0.63
VCC 1883 1 2.69 1.78 17.0 2.17 16.53 0.09 2.91 4.35 0.34
VCC 1903 0 7.67 4.12 17.0 2.51 16.54 0.57 3.74 4.43 0.46
VCC 1913 0 2.69 0.63 17.0 2.10 17.00 0.20 2.90 4.09 0.31
VCC 1918 12 1.22 0.44 17.0 1.53 22.42 0.13 2.04 1.89 0.95
VCC 1923 6 2.88 2.00 17.0 1.97 18.45 0.24 2.74 3.50 0.48
VCC 1929 8 3.09 1.35 17.0 1.99 20.43 0.48 2.94 2.77 0.82
VCC 1932 7 3.63 1.10 17.0 2.18 17.70 0.30 3.09 3.89 0.51
VCC 1938 1 2.51 1.78 17.0 2.27 15.12 0.08 3.06 4.90 0.14
Table 1. (ontinue)
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log r
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VCC 1943 5 3.98 2.51 17.0 2.25 17.51 0.30 3.18 4.01 0.55
VCC 1972 7 3.24 2.69 17.0 2.23 18.16 0.49 3.29 3.70 0.56
VCC 1978 1 6.31 6.31 17.0 2.68 15.88 0.53 3.95 4.80 0.53
VCC 1987 7 6.17 3.24 17.0 2.24 18.38 0.67 3.43 3.57 0.52
VCC 1992 12 0.81 0.51 17.0 1.80 23.03 0.44 2.64 1.78 1.22
VCC 2000 0 2.14 1.41 17.0 2.42 14.62 -0.16 3.09 5.28 0.33
VCC 2023 7 2.51 1.26 17.0 2.00 20.43 0.47 2.95 2.78 0.83
VCC 2058 7 7.24 5.50 17.0 2.11 19.29 0.67 3.24 3.16 0.58
VCC 2092 1 5.03 2.35 17.0 2.45 16.86 0.48 3.60 4.31 0.52
VCC 2095 1 8.70 1.95 17.0 2.32 16.20 0.55 3.46 4.39 0.17
CGCG 69036 5 1.20 0.89 17.0 2.26 17.61 -0.01 2.97 4.11 0.76
CGCG 41041 8 3.80 2.40 17.0 2.11 19.69 0.56 3.18 3.08 0.74
CGCG 13104 1 3.80 1.10 17.0 2.37 15.45 0.13 3.24 4.85 0.31
CGCG 98129 0 1.60 1.08 17.0 1.95 17.16 -0.01 2.54 4.00 0.29
CGCG 14063 7 11.00 2.05 17.0 2.17 19.21 0.93 3.51 3.13 0.49
CGCG 14083 0 1.90 1.10 17.0 2.30 16.84 0.00 3.04 4.39 0.62
CGCG 14110 7 3.20 1.37 17.0 2.12 18.73 0.45 3.10 3.44 0.59
CGCG 100004 7 3.90 2.76 17.0 2.40 17.09 0.30 3.40 4.28 0.63
CGCG 43034 7 3.60 2.99 17.0 2.17 17.89 0.11 2.93 3.90 0.65
CGCG 43041 7 3.20 2.16 17.0 2.01 19.00 0.40 2.92 3.29 0.56
CGCG 71060 9 2.20 0.61 17.0 2.24 17.82 0.16 3.08 3.96 0.69
CGCG 43054 8 1.50 1.09 17.0 1.73 17.64 -0.12 2.15 3.72 0.22





